Theories of childhood amnesia and autobiographical memory development have been based on the assumption that the age estimates of earliest childhood memories are generally accurate, with an average age of 3.5 years among adults. It is also commonly believed that early memories will by default become inaccessible later on and this eventually results in childhood amnesia. These assumptions were examined in 2 prospective studies, in which children recalled and dated their earliest memories at an initial interview and did it again 1 year (Study 1) and 2 years later (Study 2). Systematic telescoping errors emerged: Children substantially postdated their memories for the same events at the follow-up interview, particularly for memories initially dated from earlier ages. These findings have critical methodological and theoretical implications for research on childhood amnesia and autobiographical memory development.
As adults, we have almost no recollections from the earliest years of life-a phenomenon commonly referred to as childhood amnesia. Yet most of us are able to pinpoint an event that we consider our very earliest memory and remember how old we were when the event took place. Research has shown that the average age of earliest memory is approximately 3.5 years (Peterson, 2002; Pillemer & White, 1989; Rubin, 2000) . This age is dubbed as the offset of childhood amnesia, from which point early memories start to become accessible to adults' conscious recall. It further serves as the critical basis for a number of theories that attempt to explain what factors make the memories after the offset of childhood amnesia enduring, such as the emerging cognitive sense of self, increasing efficiency in memory consolidation, burgeoning language skills and the associated narrative interactions with parents and other adults, autonoetic awareness, and emotion knowledge (Bauer, 2007; Nelson & Fivush, 2004; Perner & Ruffman, 1995; Wang, 2008) .
What happens if we date our earliest memories incorrectly? This question has obvious implications for theories of childhood amnesia and autobiographical memory development. We conducted two prospective studies to address this question, where we examined children's recall and dating of their earliest memories for the same events longitudinally, at two time points. Our findings shed new light on two important assumptions in current research. One is the assumption that earliest childhood memories are generally accurate in age estimates. The other is the assumption that early memories are destined to become inaccessible as children get older and this eventually results in childhood amnesia.
Are Earliest Childhood Memories Accurate in Age Estimates?
Studies attempting to address this question have verified participants' dating accuracy based on information provided by parents or other adults who were present at the time of the events (Bauer, Burch, Scholin, & Güler, 2007; Bruce, Dolan, & Phillips-Grant, 2000; Howes, Siegel, & Brown, 1993; Jack, MacDonald, Reese, & Hayne, 2009) . The general conclusion is that there are no systematic dating errors in earliest childhood memories. However, these studies suffer from two critical limitations. First, parents may be subject to dating errors themselves. Studies have shown that when people are asked to recall and date distant memories from their lives, they tend to make telescoping errors: They postdate the memories as if the events had happened more recently than they actually have, which resembles the situation where an object appears closer in distance when viewed through a telescope (Janssen, Chessa, & Murre, 2006; Loftus & Marburger, 1983; Rubin & Baddeley, 1989) . Telescoping has been attributed to the insufficient retention of distant memories, which are then dated with less precision than more recent events (Huttenlocher, Hedges, & Prohaska, 1988; Rubin & Baddeley, 1989) . Given the distant nature of childhood memories, both participants and their parents may postdate the memories, especially the ones from very early ages.
The second limitation of these studies is that they have compared the mean age estimates provided by participants against the mean age estimates provided by parents. A recent study that verified the age estimates of individual memories identified systematic dating errors (Wang, Peterson, & Hou, 2010) . In this study, children of 8, 11, and 14 years of age were asked to recall and date memories for events occurring before they went school. As in previous studies, the mean age estimates provided by children and by parents were almost identical. Yet, when children's dating of each memory was verified against the dating information provided by their parents, children were found to date the memories occurring before 48 months at significantly older ages than their parents. Earlier memories also exhibited greater telescoping errors than later memories. In contrast, events happening after 48 months were often recalled by children as happening earlier than parents claimed they did. These two trends tended to largely cancel each other out, so that calculations of mean ages of children's memories by children versus parents ended up being almost identical. Similar dating errors have also been observed in a study by Jack et al. (2009) , whereby 12-to 13-year-old children overestimated their age at the time of their earliest memories, when compared with their parents' estimates. Nonetheless, these studies have the weakness of using parents as the external criterion of dating accuracy. Given the idiosyncratic nature of early memories, an objective measure of when the earliest childhood events people recall actually occurred may be difficult, if not impossible, to find (e.g., a diary kept by parents). Until such a measure is available, a prospective approach to examine memories recalled and dated by children at different time points can address the limitations.
Do Early Memories Become Inaccessible as Children Get Older?
Recent research of children's recollections of early childhood events has suggested that childhood amnesia is an emerging phenomenon with age. Across a wide age range between preschool and adolescence, there is an increase in the age of earliest memory with increasing age of children (Jack et al., 2009; Peterson, Grant, & Boland, 2005; Peterson, Wang, & Hou, 2009; Tustin & Hayne, 2010) . A longitudinal study by Peterson, Warren, and Short (2011) further showed that the earliest memory 4-to 13-year-old children recalled shifted forward in time, from an average age of 32 months to 40 months after a 2-year interval. It appears that over the course of development, early memories decrease in accessibility and eventually become inaccessible. Consequently, older children recall memories of events that occurred at later ages than younger children, so that the boundary of childhood amnesia increases with age until it reaches the adult level.
Importantly, apart from the "forgetting" explanation, there is another intriguing interpretation of the developmental findings: Some early memories may remain accessible as children get older, but they may be postdated when recalled at later time points. In other words, although children may continue to remember the same events as their earliest memories, their dating of the events may be telescoped as time goes by, with the retention of the events weakened. As a result, the location in time of the earliest memories shifts to an older age. This interpretation is foreshadowed by Peterson et al.'s (2011) observation that after a 2-year interval, a considerable percentage of children recalled the same earliest memories as they previously recalled, and that was particularly pronounced among older children. Adults have also shown consistency in their recall of early events across interviews a year apart (Crawley & Eacott, 1999) .
Both explanations of the developmental findings seem to have merit. Whereas the forgetting explanation has received empirical support and generated theoretical interests (Bauer, 2007; Peterson, 2012) , the "postdating" explanation remains an empirical question. Importantly, children may be particularly vulnerable to telescoping errors due to their limited knowledge of time and memory dating strategies (Friedman, 1993) . Research by Friedman and colleagues (Friedman, 1993; Friedman, Reese, & Dai, 2011) has shown that well into middle childhood, children have difficulty using mental representations of conventional time patterns to estimate the times of events, especially with increasing retention interval. Significant developmental changes in temporal knowledge and memory dating accuracy continue well into adolescence and young adulthood (Friedman, 1993; Friedman et al., 2011) . Thus, children may date their memories with less precision not only when compared with adults (Pathman, Doydum, & Bauer, 2013; Pathman & Ghetti, 2013) , but also when compared with their own previous estimates, as retention intervals lengthened.
In the present study, we examined the two assumptions concerning childhood memories using a prospective approach. We investigated children's dating of earliest childhood memories they previously recalled following a 1-year (Study 1) and a 2-year interval (Study 2). For the latter, we capitalized on the availability of Peterson et al.'s (2011) prospective data on childhood amnesia, although the analyses conducted here address new and different issues that were not considered previously. 1 We expected children to exhibit telescoping errors with elapsed time, such that they would postdate their memories at the follow-up interviews, especially memories that were initially from earlier ages.
Study 1
In Study 1, a small group of children recalled and dated their earliest memories at two time points, with a 1-year interval.
Participants
Forty-two children (23 boys, 19 girls) were interviewed twice about their earliest memories, including 25 White (14 boys, 11 girls) and 17 Asian children (nine boys, eight girls). They were aged 8.9 to 10.4 years (M ϭ 9.53) at the initial interview. They were all from middle-class families in upstate New York and were participating in a larger study of social-cognitive development. There were nine additional children (M ϭ 9.42 years; not different from the main group) who participated in both interviews but did 1 Note that in Peterson et al. (2011) , the age of earliest memory at the second interview was calculated across overlapping and new memories. Their findings therefore did not allow the examination of the postdating explanation. Nor did they address changes in memory dating for specific memories across a 2-year delay. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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not recall their earliest memories at either time. They were not included in the current study.
2
Procedure
Children were interviewed at home about their earliest memories, with a standard procedure from previous studies (Han, Leichtman, & Wang, 1998; Wang, 2004) . The experimenter asked children, "You know, some kids can remember things that happened to them when they were very little. What is the first thing that you can remember?" She further emphasized to children that the memory must be something that they remembered, rather than something they only saw in a picture or only heard from others. After children recalled their memories, the experimenter asked them how old they were at the time of the events in years and months. If children only reported years and did not specify months, she asked ancillary questions that in conjunction with knowing the child's date of birth, would help children determine at what point within that year of age the event occurred (e.g., "Was it summer or winter?" "Was it near Christmas/your birthday/Halloween?"). Once children provided clues about the time of the year, we could translate the information into an age estimate in years and months. If the child specified a range of months (e.g., "The summer when I was 3"), we used the midpoint of that range. A year later, children were interviewed again with the identical procedure. No mention was made about the memories they recalled at the initial interview, so the children's recall of the same events would be spontaneous.
Results
After a 1-year interval, 14 children (33.3%) recalled the same earliest memories they initially recalled at the follow-up interview. We conducted a logistic regression analysis on the likelihood that children recalled the same or different earliest memories at the two interviews, with child age, gender, and age of earliest memory at the initial interview as predictors. Older children tended to be more likely than younger children to recall the same memories, 2 (1) ϭ 2.63, p ϭ .10, r ϭ .25. Girls (52.6%) were more likely than boys (17.4%) to recall the same memories, 2 (1) ϭ 7.27, p ϭ .007, r ϭ .42. There was no effect of memory age. The small sample did not warrant reliable analysis of ethnicity. Preliminary analyses found no gender effect on memory dating; gender was therefore not considered further.
Among the children who recalled the same earliest memories at the two interviews, their memories were dated approximately 5 months older following a 1-year interval, shifting from 34.71 months (SD ϭ 13.56) to 39.64 months (SD ϭ 14.32), F(1, 13) ϭ 2.12, p ϭ .17, p 2 ϭ .14. Following Wang et al.'s (2010) finding that memory events that occurred before 48 months were particularly prone to telescoping errors, we examined children's memories initially dated before and after 48 months separately. As shown in Figure 1 , memories occurring before 48 months (N ϭ 10) were postdated almost 7 months at the follow-up interview, F(1, 9) ϭ 2.59, p ϭ .14, p 2 ϭ .22, whereas memories from after 48 months (N ϭ 4) had no changes to the age. This finding was further supported by a negative correlation between memory age at the initial interview and the change in age at the follow-up interview (r ϭ Ϫ.40, p ϭ .15). Although these results were not statistically significant, they were suggestive: The earlier the memory, the greater dating error as time elapsed. Within the narrow age range of the sample, children's age had no effect on memory dating.
Descriptively, among the children who recalled different earliest memories at the two interviews, their memories at the follow-up interview were approximately 5 months older (M ϭ 40.14, SD ϭ 16.37) than those at the initial interview (M ϭ 34.93, SD ϭ 20.59), although the difference was not significant, F(1, 27) 
Study 2
Findings from Study 1 thus suggested telescoping dating errors for the earliest childhood memories following a 1-year interval, particularly for memories from earlier ages. Although most of the results were not significant at the conventional level given the small sample size, the effect sizes were around the medium range. To further corroborate the findings, in Study 2 we did new analyses of the large data set collected by Peterson et al. (2011) , exploring questions quite different from what had been investigated there. In that study, investigators interviewed a group of children at two time points about their three earliest memories, with a 2-year interval. A cued-recall procedure was introduced at the follow-up interview to facilitate children's recall.
Participants
One hundred and twenty-five children were interviewed twice about their earliest memories. At the initial interview, the children included twenty 4-to 5-year-olds (13 boys, 7 girls; M ϭ 4.9 years), nineteen 6-to 7-year-olds (11 boys, 8 girls; M ϭ 6.9 years), twentyseven 8-to 9-year-olds (10 boys, 17 girls; M ϭ 9.1 years), thirty-four 10-to 11-year-olds (16 boys, 18 girls; M ϭ 10.9 years), and twenty-five 12-to 13-year-olds (13 boys, 12 girls; M ϭ 12.8 years). The children were from primarily White, middle-class families in Newfoundland, Canada, and were part of a larger study investigating children's memory development. There were additional 15 children whose data were excluded (seven 4-to 5-yearolds, four 6-to 7-year-olds, two 8-to 9-year-olds, one 10-to 11-year-old, and one 12-to 13-year-old), because they did not provide age estimates of their memories at either the initial or the follow-up interview.
Procedure
Children were interviewed at home. They were asked to recall and date their very earliest memory, following the same interview and dating procedure as in Study 1. They were then asked to think of and date their next two earliest memories. Thus, children's three earliest memories were elicited. Two years later, children were interviewed identically to their first interview. At first, no mention was made about the memories they previously recalled, so the children's recall of the same events would be spontaneous. This was followed by a cued-recall procedure. If children failed to spontaneously produce any of the three memories they recalled 2 years previously, a synopsis of each of the memories was read to 2 There were 13 children (M age ϭ 9.76 years) who left the study before the second interview, mostly due to family move. This document is copyrighted by the American Psychological Association or one of its allied publishers.
them. After each memory was read, children were asked whether this memory ever happened to them, and if they recognized the memory, they were asked to recall and date the memory. These formerly recalled "target" memories were randomly embedded in three synopses of "lure" events, which resulted in a maximum of six events (three targets and three lures) for a child who did not spontaneously produce any previously recalled memories, and a minimum of three events (all lures) for a child who spontaneously produced all three overlapping memories. Children invariably identified lures as having never happened to them (see Peterson et al., 2011 , for more detail).
Results
All children except seven (six 4-to 5-year-olds and one 6-to 7-year-old) produced at least one overlapping memory between the two interviews (94%), which resulted in 263 memories for the same events, on average 2.10 memories per child. This included 70 spontaneously recalled memories (by 53 children, 42%) and 193 cued-recalled memories (by 109 children, 87%). In addition, 104 children (83%) recalled the same very earliest memories between the two interviews (although an additional six children recalled the same memory but could not supply an age). The seven children who did not recall any overlapping memories between the two interviews were excluded from subsequent analysis.
We conducted a regression analysis on the number of overlapping memories children spontaneously recalled at the follow-up interview, with child age, gender, and age of memory at the initial interview as predictors. Older children spontaneously recalled more overlapping memories than younger children, F(1, 49) ϭ 9.77, p ϭ .003, p 2 ϭ .17. There was no gender effect or effect of memory age. A parallel regression on the number of cued memories showed no effects. Subsequent analyses of spontaneous and cued memories yielded identical patterns of results. We thus report results across all memories. Preliminary analyses showed no gender effect on memory dating; gender was therefore not considered further. The memories children recalled were fairly spread out so that the single earliest memory was substantially earlier than the second earliest memory at both Figure 2) . Next, we examined the age estimates of all memories, with memory as the unit of analysis. We conducted a 5 (age group) ϫ 2 (time point) ϫ 2 (initial memory age: before or after 48 months) mixed model analysis on age estimates using SAS PROC MIXED program (Singer, 1998) , with age group being a between-subjects factor, time point and initial memory age being within-subject factors, and subject being a random factor. There were main effects of time point, F(1, 393) ϭ 15.50, p Ͻ .0001, ⌬R 2 ϭ .04, and initial memory age, F(1, 393) ϭ 247.17, p Ͻ .0001, ⌬R 2 ϭ .30, qualified by an interaction between them, F(1, 393) ϭ 4.31, p ϭ .04, ⌬R 2 ϭ .01. Across all age groups, memories occurring before 48 months were postdated over 8.5 months at the follow-up interview, F(1, 167) ϭ 27.11, p Ͻ .0001, ⌬R 2 ϭ .12, whereas memories from after 48 months were not significantly postdated at This document is copyrighted by the American Psychological Association or one of its allied publishers.
the follow-up interview, F(1, 184) ϭ 1.77, p ϭ .19, ⌬R 2 ϭ .00. There was a main effect of age group, F(4, 113) ϭ 3.49, p ϭ .01, ⌬R 2 ϭ .13, whereby younger children recalled earlier memories than older children across time points. Figure 3 illustrates the age of memories dated at two time points as a function of age group and initial memory age.
A partial correlational analysis was performed between memory age at the initial interview and the change in age at the follow-up interview, after controlling for children's age. Consistent with the above findings, a negative correlation was found (r ϭ Ϫ.30, p ϭ .001). Thus, regardless of children's age, earlier memories were postdated to a greater extent as time went by than later memories. In addition, children's age was positively correlated with mean age of earliest memories at both the initial interview (r ϭ .27, p ϭ .003) and the follow-up interview (r ϭ .25, p ϭ .007), indicating that younger children recalled earlier memories than older children. Children's age was uncorrelated with the magnitude of postdating.
For memories that children initially recalled but were "forgotten" by the follow-up interview, including memories of the seven children who did not recall any of the initially recalled events, the average age (M ϭ 37.84, SD ϭ 22.17) was 21 months earlier than the average age of the new memories that children recalled (M ϭ 58.80, SD ϭ 21.47), F(1, 35) ϭ 27.00, p Ͻ .0001, p 2 ϭ .44, consistent with Peterson et al.'s (2011) findings.
General Discussion
Using a prospective approach, our studies yielded the first empirical evidence that the age estimates of earliest childhood memories are systematically biased and that the deterioration of This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
early memories over development is not the only explanation for childhood amnesia. Systematic dating errors emerged following a 1-year (Study 1) and a 2-year time elapse (Study 2). Children considerably postdated their memories for the same events as time went by, with the magnitude of telescoping errors especially sizable for earlier memories. These findings have two important implications. First, the age estimates of earliest childhood memories are not as accurate as what has been generally assumed. Using children's own age estimates as the reference, we found that memory dating shifted to later ages as time elapsed-a telescoping error that has been observed in adults' recall of distant memories (Janssen et al., 2006; Loftus & Marburger, 1983; Rubin & Baddeley, 1989) . These findings point to the methodological importance of identifying criteria of dating accuracy other than information provided by the individuals themselves or by parents and other adults for earliest childhood memories, and of examining age estimates of individual memories rather than comparing group means. Notably, children's memory dating at the initial interview was not necessarily an absolute criterion of dating accuracy. It is possible that children had already made telescoping errors the first time they were interviewed for the memories. If that was the case, the magnitude of actual memory dating errors might be even larger than what we observed at the time of the follow-up interview.
Note that the earliest memories were unlikely to be predated at the first interview, as shown in Wang et al. (2010) that children postdated early memories compared with their parents, and in adult studies that memories from the beginning of a life period (e.g., childhood in the current study) tend to be postdated (i.e., telescoped; Loftus & Marburger, 1983; Rubin & Baddeley, 1989) . Also, it is unlikely that children's age estimates were more accurate at the second interview than at the first, because for both children and adults, dating accuracy declines with retention interval (Friedman et al., 2011; Janssen et al., 2006) . Although older children and adults tend to date memories with greater accuracy than younger children Pathman & Ghetti, 2013; Pathman, Larkina, Burch, & Bauer, 2013) , telescoping errors can occur regardless of age (Janssen et al., 2006; Wang et al., 2010) .
Second, whereas some of the early memories become inaccessible or forgotten as children grow older, others are being retained over time. Research to date has only examined the forgetting mechanism, with various theories trying to explain why the forgetting occurs that eventually results in childhood amnesia observed among adults (Bauer, 2007; Peterson, 2012) . Our findings confirm that some memories were indeed forgotten 1 or 2 years later, and the new memories children recalled were from substantially older ages than the forgotten ones, which results in an upward shift in the boundary of childhood amnesia over time. However, in addition to the forgetting mechanism, our findings suggest that there is another mechanism in place: In the course of development, some memories remain accessible, especially when there are cues available to assist recall. In fact, approximately one third (Study 1) to nearly half (Study 2) of the children spontaneously recalled earliest memories for the same events after extended periods, and 94% children in Study 2 recalled at least one memory they recalled 2 years previously when being presented with cues of the memory events. Most important, these retained memories were postdated as their retention became weakened over time. Consequently, the age of earliest memories, or the boundary of childhood amnesia, shifted later in time. At which point in development would the age estimates become stabilized as part of the memory or personal "knowledge" so that by adulthood, we all "know" when our earliest memories took place? That remains a fascinating question for future research.
Consistent with prior findings (Wang et al., 2010) , earlier memories were particularly prone to telescoping errors, regardless of age group. Also, children appeared to postdate their earliest memories more after a 2-year interval (Study 2) than after a 1-year interval (Study 1). This is in line with the observation that earlier memories are retained with poorer quality and less coherence, especially following lengthy delays (Bauer, 2007) , which may, in turn, contribute to their greater dating errors (Huttenlocher et al., 1988; Rubin & Baddeley, 1989) . We speculate that socialization practices, such as parent-child memory sharing (Nelson & Fivush, 2004) , that facilitate the representation and organization of autobiographical memories may also help to keep the memories dated more accurately over time. Further prospective studies are required to examine individual and social contributors to accurate memory dating.
Note that we used 48 months as the cutoff point to examine children's dating of earlier and later memories, based on Wang et al.'s (2010) finding that memory events that occurred before 48 months were particularly prone to telescoping errors. We do not assume any developmental specialness of the first 48 months except that most of the earliest memories are from before 48 months (75% of the earliest memories in both Study 1 and Study 2; see also Peterson, 2002; Pillemer & White, 1989; Rubin, 2000) . So it provides useful information about possible dating errors for earliest memories. The finding that earlier memories were dated with greater telescoping errors was further corroborated by correlational analyses with memory age as a continuous variable.
Interestingly, certain factors appear to influence variation between memories in terms of likelihood of being retained or forgotten over time. Following an intervening period, older children in our study were more likely than younger children to spontaneously recall the same earliest memories (Study 1 and Study 2), and girls were more likely than boys to spontaneously recall the same earliest memories (Study 1). These results are consistent with research findings that older children retain autobiographical event information for greater durations than younger children (Bauer, 2007) ; and that females generally, although not always (e.g., Wang, 2008 ; also in our Study 2), exhibit superior retention of episodic memories than males (Herlitz & Rehnman, 2008; Wang, 2013) . Furthermore, the age and gender differences may also reflect the development of life narratives in late childhood and early adolescence, where children show increasing ability to narrate the chronology of life events, and girls often tell lengthier and more coherent life stories than boys (Bohn & Berntsen, 2008; Habermas & de Silveira, 2008) . The narrative organization of life events may allow older children and girls to better remember the events over time, compared with younger children and boys. Nevertheless, there were no differences across age or gender groups in telescoping errors, which suggests that memory retention and memory dating, although interrelated, may be subject to different influences (Friedman et al., 2011; Kristo, Janssen, & Murre, 2009) .
In sum, our findings suggest it is insufficient for theories of childhood amnesia and autobiographical memory development to merely examine factors that make the memories after the offset of childhood amnesia enduring. The offset is shifting over the course of development not only because of the characteristics of early memories, but also the dating of the memories. Moreover, given the telescoping errors, our earliest memories are likely to be This document is copyrighted by the American Psychological Association or one of its allied publishers.
considerably earlier than we thought. This casts doubt on the average age of earliest memory at 3.5 years as the offset of childhood amnesia among adults.
